Twenty years ago, the majority of computer music practitioners used mainframes, a variant of Music N, and many composers were still using punched cards. (Matthews 1970) , developed in the late 1960's, existed in a laboratory environment (as did the RCA synthesizer), and its real-time interaction was primarily on an algorithmic level with control over analog devices. One of the first commercially available programmable real-time DSP machines designed specifically for musical applications was Dean Wallraff's DMX-1000, which appeared on the market in the late 1970's (Wallraff 1978) . The Fairlight (Levine 1980) and New England Digital companies were starting to build programmable machines. Stanford was working on the Samson Box, Di Giugno had started working on the "4" series at IRCAM, and Allouis was developing the SYTER at GRM (Allouis 1982 (Berg 1984) (Di Giugno 1981) , which culminated in 1980 with the 4X machine, took the concept of speed and power in the domain of real-time DSP to a level which was not challenged for a full 10 years. Practically speaking, the 4X was a laboratory machine like the Groove system (only a handful were manufactured at great expense); nevertheless a small repertory of high-quality real-time music compositions was produced with the 4X by composers such as Pierre Boulez, Philippe Manoury, and Robert Rowe. Well-designed user software for the 4X lagged behind hardware development (as is often the case) until the mid-1980's when Rowe began development of the 4xy programming environment (Baisnee 1986) , and Miller Puckette began using an early non-graphical version of Max to control the 4X. (The original impetus for the Macintosh version of Max (Puckette 1986) In the mid-1980's, the 4X and other real-time DSP systems were becoming easier to use due to improvements made to their user interfaces. Commercial MIDI gear began offering composers with little or no programming experience the ability to make computer music, much of it in real time. MIDI software was making great strides in the area of user interfaces, and there was great optimism about the future of computer music. People began questioning the need for real-time DSP machines. In the early 1990's, when the IRCAM Signal Processing Workstation (ISPW) appeared as a timely replacement for the 4X at IRCAM and Di Giugno's MARS workstation (Di Giugno 1991) was developed in Italy, it was clear that the gap between the possibilities offered by non real-time Music N programs and MIDI was still large. The ISPW, designed by Eric Lindemann (Lindemann 1991) , was an attempt to fill part of this gap. It was an enormous step for real-time DSP: a portable, relatively inexpensive, (cheaper than a new car, something I did not own for 15 years) and powerful DSP engine was finally available. In addition, the ISPW ran a version of Max (David Zicarelli's version was already becoming widely used for controlling MIDI gear) to which Miller Puckette had added a signal processing library (Puckette 1991 Since general purpose machines are fast enough to do real-time DSP, musicians are not necessarily dependent on commercial efforts-which are feeble at best, and seem to offer a greater obsolescence factor. There is no way to avoid market forces, but depending on the music industry to move real-time programmable DSP forward is like waiting for NASA to offer vacations on the moon. Fortunately, the tendency for computer manufacturers to expend a great deal of research time, money, and effort on the production of faster machines seems to offer a very bright future for real-time signal processing. 
